An investigation into the efficient use of water as a solvent and the influence of extraction temperature, extraction time, water to leaf powder ratio, particle size, and extraction cycle on the nutraceutical and antioxidant profile of aqueous mulberry leaf extract were conducted using a single-factor experiment approach. All the assessed extracting parameters showed a significant effect on the nutraceutical compounds and antioxidant properties. The optimum extraction conditions were as follows: extraction temperature of 70°C, extraction time of 40 min, water to leaf powder ratio of 40:1 ml/g, particle size of 25 µm, and two extraction cycles. Based on these optimal conditions, chlorogenic acid (62.10 mg/g), caffeic acid (32.21 mg/g), kaempferol-7-O-glucoside (19.30 mg/g), quercetin-3-rutinose (15.69 mg/g), quercetin-3-O-glucoside (32.38 mg/g), kaempferol-3-(6-rhamnosylglucoside) (42.52 mg/g), quercetin-3-(6-malonylglucoside) (65.19 mg/g), kaempferol-3-glucoside (66.27 mg/g), kaempferol-3-(6-malonylglucoside) (50.18 mg/g), 1-deoxynojirimycin (15.58 mg/g), and gamma-aminobutyric acid (5.05 mg/g) were obtained. The optimal aqueous extract had high antioxidant properties of 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (39.98 mM/g), cupric ion reducing capacity (58.93 mM/g), 1,1-diphenyl-2-picrylhydrazyl (101.33 mM/g), and ferric reducing antioxidant power capacity (233.77 mM/g) of dried mulberry leaf extract.
Introduction
Mulberry leaf is a rich source of valuable bioactive compounds. [1] In vitro, in vivo, and epidemiological studies have proven that mulberry leaf nutraceuticals exhibit biological functions toward some human diseases. [2] Mulberry leaf extract (MLE) phenolics, especially flavonol glycosides, have been recognized to possess potent hypolipidemic properties [3] , while 1-deoxynojirimycin (DNJ) has been demonstrated to be the most efficient α-glycosidase inhibitors. [2] [3] [4] Moreover, the antihypertensive capacity of MLE has been attributed to the presence of gammaaminobutyric acid (GABA). [5] As a result, in recent years there is a growing interest in the extraction of nutraceutical compounds from mulberry leaf to be used in food and pharmaceutical products. [4] [5] [6] Food and pharmaceutics industries require standardization of herbal extracts. Thus, extraction procedure is a crucial step which determines the nutraceutical quality and yield of the individual biological compounds. [7] Although several novel extraction techniques such as microwave-assisted extraction, subcritical fluid extraction, ultrasonic extraction, and pressurized liquid extraction have been promoted during the last decade [8, 9] , solid-liquid extraction is still predominant in the food and pharmaceutical industries.
Nutraceuticals components extracted from plant matrices and their associated antiradical activities are highly reliant on the extraction parameters. [11] [12] [13] [14] The most significant parameters that impact on the extraction efficiency in terms of yield and quality include temperature, time, particle size, and extraction cycle. [11] [12] [13] [14] [15] [16] Up till now, solvents such as ethanol, methanol, acetone, water and their combination have been used for extracting nutraceutical compounds from the herbal plant. [17, 18] Despite the fact that aqueous organic solvents have been reported to be more efficient than water for bioactive compounds extraction from plant materials [17, 18] , water remains the most solvent used in the food and pharmaceutical industries owing to its inexpensive, non-toxic and environmentally friendliness. [13] [14] [15] [16] [17] [18] [19] [20] Moreover, Zhang et al. [21] reported better water extraction efficiency of nutraceutical compounds from mulberry leaf than aqueous methanol extraction. However, to date, there are few methodical inquiries on the optimized utilization of water as a solvent in isolating and characterizing of nutraceutical components from medicinal herbs. Even though aqueous MLE has been extensively studied in literature, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] there are no reports on the impact of aqueous extraction parameters on the recovery of its nutraceutical compounds. To the best of the author's knowledge, no report on the optimized conditions of water extraction of mulberry leaf nutraceuticals has been established.
Therefore, this study aimed to investigate the impact of five extraction parameters (temperature, time, water to leaf powder ratio, particle size, and extraction cycle) on the yield of mulberry leaf nutraceutical compounds and antioxidants properties by means of a single factor experiments approach.
Materials and methods

Plant material and chemicals
Mulberry (Morus alba) leaf was obtained from Zhenjiang mulberry variety nursery base (China). Fresh young leaf was freeze-dried (at −60°C, 48 h, at 0.02 mbar, FD-1A-50, Boyikang Laboratory Instruments, Beijing, China) and powdered using a jet miller (0101S Jet-O-Mizer Milling, Fluid Energy Processing and Equipment Company, Telford, USA). The mulberry leaf powder (MLP) with a mean diameter of 270 µm was passed through apertures (EFL 2000 stainless steel sieves, Endecotts, England) and sized into 150, 48, 25, 18, and 13 µm. Then, the MLPs were packed in a vacuum-sealed aluminum bag and stored at −20°c prior to the aqueous extraction.
The reagents and chemical used in this study were of analytical grade and purchased from SigmaAldrich (St. Louis, USA).
Experimental design
The effect of five extraction parameters as well as their optimal conditions were determined by assessing in chronological order: the extraction temperature, the extraction time, the water to powder ratio, the particle size, and the extraction cycle.
Firstly, to investigate the impact of the extraction temperature, 1 g of MLP (270 µm) was extracted with 100 ml of purified water at different temperatures (5, 10, 20, 30, 40, 50, 60, 70, 80, 90 , and 100°C) for 30 min using a rotary water bath isothermal shaker (300 rpm, DK-600B, Jianqiao Testing Equipment, Guangdong, China). Secondly, to assess the impact of the extraction time, 1 g of MLP (270 µm) in 100 ml of purified water was extracted at the optimal extraction temperature (70°C) at several periods (5, 10, 15, 20, 25, 30, 40, 50, 60, 90 , and 120 min). Thirdly, the effect of the water to leaf powder ratio was determined by extracting in purified water at different weights (10:1, 20:1, 30:1, 40:1, 50;1, 60:1, 70:1, 80:1, 90:1 and 100:1 ml/g) of MLP (270 µm) under the optimum extraction temperature (70°C) and extraction time (40 min). Fourthly, to investigate the effect of the particle size, the optimal extraction temperature (70°C), extraction time (40 min) and water to leaf powder ratio (40 ml/g) were employed to extract MLP of various particle size (270, 150, 48, 25, 18, and 13 µm). Finally, the effect of the extraction cycle (number of time the same sample is extracted) was evaluated by extracting (1, 2, and 3 time) in purified water MLP using the optimum extraction temperature (70°C), extraction time (40 min), water to leaf powder ratio (40 ml/g), and particle size (25 µm).
After the extraction, the mixture was immediately cooled in ice. Then, the infusion was centrifuged (at 15,000 rpm for 15 min at 4°C, Anke GL-20B, Shanghai Anting Scientific Instrument Factory, Shanghai, China), filtered (Whatman N°1, Lomb Scientific, Taren Point, Australia), and the MLE was freeze-dried (at −60°C, 72 h, at 0.02 mbar, FD-1A-50, Boyikang Laboratory Instruments, Beijing, China). The dried MLE were stored at −20°C in aluminum seal bag until used.
Prior to analysis, each dried extract (500 mg) was dissolved in purified water (50 ml) and vortex (IKA Vortex Genius 3, Ika, Germany) for 10 min.
Nutraceutical determinations
The nutraceutical analyses were performed with an HPLC system made up of an LC-20AB pump, a SIL 20AC autosampler, a DGU-20A5R degasser, an SPD-M20A photodiode array detector, CTO-20AC column oven, SCL-10A system controller, and an LC Solution software (Shimadzu Corporation, Kyoto, Japan). A ZORBAX-SB C18 (250 mm × 4.6 mm, 5-μm) column (Agilent, Santa Clara, USA) was used for the chromatographic separation of nutraceutical compounds. Each dried MLE was filtered through 0.45 µm syringe filter before injecting into the HPLC system.
The validation of the HPLC assays was assessed by means of correlation coefficient, limit of detection, and limit of quantification which were calculated according to Callejón et al. [25] The performance parameters (Table 1) revealed that the HPLC methods used in this study were highly sensitive, reliable, and reproductive. Therefore, these methods were considered as accurate and good enough to allow adequate quantification of all the individual nutraceutical compounds identified in the MLE. The nutraceutical compounds were quantified in milligram per gram of dried MLE using the standard curves with HPLC peak areas as a function of the concentration. A typical HPLC profile of the aqueous MLE, representing the peaks of the individual phenolics, DNJ, and GABA are shown in Fig. 1 .
Phenolics condition
Chlorogenic acid (CHA), caffeic acid (CA), kaempferol-7-O-glucoside (K7G), quercetin-3-rutinose (Q3R), quercetin-3-O-glucoside (Q3G), kaempferol-3-(6-rhamnosylglucoside) (K3R), quercetin-3-(6-malonylglucoside) (Q3M), kaempferol-3-glucoside (K3G), and kaempferol-3-(6-malonylglucoside) (K3M) were measured as described by Sugiyama et al. [4] with slight modification. Briefly, an : regression coefficient; LOD: limit of detection in µg/ml = 3.3 σ/s, and LOQ: limit of quantification in µg/ml (LR) = 10 σ/s, where (σ) is the standard deviation of intercept from calibration curve, (s) is the slope of calibration curve.
aliquot of reconstituted MLE (10 µl) was eluted at 40°C with mobile phases made up of eluent (A) acetonitrile and eluent (B) 0.1% formic acid (in water). The gradient was as follows: 80% B isocratic (1-60 min) with a flow rate of 1 ml/min. The data were recorded at 280 nm for phenolic acids and 370 nm for flavonols. The standard flavonols of K3R, Q3M, and K3M were purified from the mulberry leaf as reported by Sugiyama et al. [4] 1-deoxynojirimycin condition DNJ was determined as described by Kim et al. [26] with slight modification. Briefly, 500 µl of reconstituted MLE was mixed with 50 µl of potassium borate buffer (0.4 M, pH 8.5) and 100 µl of 9-fluorenylmethyl chloroformate (5 mM in acetonitrile). The mixture was held for 20 min at 20°C before adding 50 µl of glycine. Afterwards, the volume was brought up to 5 ml with 4.3 ml of acetic acid (17.5 mM), then, 10 µl was injected into the HPLC. The mobile phases were made up of eluent (A) acetonitrile and eluent (B) 0.1% acetic acid (in water). The gradient was as follows: 50% B isocratic (1-30 min) with a flow rate of 1 ml/min. The analysis was conducted at 25°C and data were recorded at 254 nm.
Gamma-aminobutyric acid condition
GABA was determined as described by Horanni et al. [27] with slight modification. Briefly, 400 µl of reconstituted MLE was mixed with 100 µl of potassium borate buffer (0.5 M, pH 8.5) and 500 µl of 9-fluorenylmethyl chloroformate (3 mM in acetonitrile). The mixture was held for 10 min at room temperature before adding 100 µl of acetic acid (1 M). Then, 20 µl was injected into the HPLC. Representative HPLC chromatograms of nutraceuticals extract in aqueous mulberry leaf extract. This sample of aqueous mulberry leaf extract was obtained under the optimal extraction conditions: extraction temperature of 70°C, extraction time of 40 min, water to leaf powder ratio of 40:1 ml/g, particle size of 25 µm, and two extraction cycles. Peaks Identification, as ascertained with standards: chlorogenic acid (CHA), caffeic acid (CA), kaempferol-7-O-glucoside (K7G), quercetin-3-rutinose (Q3R), quercetin-3-O-glucoside (Q3G), kaempferol 3-(6-rhamnosylglucoside) (K3R), quercetin 3-(6-malonylglucoside) (Q3M), kaempferol-3-glucoside (K3G), kaempferol 3-(6-malonylglucoside) (K3M), 1-deoxynojirimycin (DNJ), and gamma aminobutyric acid (GABA).
20% B isocratic (25-35 min) with a flow rate of 0.5 ml/min. The analysis was conducted at 40°C and data were recorded at 262 nm.
Antioxidant determinations
The antioxidant analyses were performed according to Tchabo et al. [28] with slight modification. The 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), cupric ion reducing capacity (CUPRAC), 1,1-diphenyl-2-picrylhydrazyl (DPPH), and ferric reducing antioxidant power capacity (FRAP) were expressed in millimolar of Trolox per gram of dried MLE using a relevant linear calibration curve of the Trolox.
ABTS determination
Reconstituted MLE (125 µl) was mixed with 5000 µl of an ABTS solution (2.45 mM of ABTS in ammonium persulfate incubated for 16 h in darkness). The mixture was held for 15 min at room temperature and the absorbance was read at 734 nm.
CUPRAC determination
Reconstituted MLE (100 µl) was mixed with 4 ml of a solution comprising copper(II) chloride (10 mM), neocuproine (7.5 mM), ammonium acetate (1M), and purified water (1:1:1:1). The mixture was held for 60 min at room temperature and the absorbance was read at 450 nm.
DPPH determination
Reconstituted MLE (1000 µl) was mixed with 6000 µl of a DPPH solution (60 mM of DPPH in methanol). The mixture was held for 30 min in darkness at room temperature and the absorbance was read at 517 nm.
FRAP determination
Reconstituted MLE (200 µl) was mixed with purified water (600 µl) and 6 ml of a solution comprising iron(III) chloride (20 mM), acetate buffer (300 mM, pH 3.6), TPTZ (10 mM in 40 mM of HCl) (10:1:1). The mixture was held for 30 min at 37°C and the absorbance was read at 593 nm.
Statistical analysis
All extractions and assays were performed in triplicate. The data were presented as mean values and pooled standard deviation. Analysis of the variance, followed by Tukey's test (at a 5% significance level) was carried out to assess the effect of different extraction conditions on the nutraceutical and antioxidant profile of the aqueous MLE. The statistical analysis was performed using Minitab version 17 (Minitab Inc., Pennsylvania, USA).
Results and discussion
Effect of extraction temperature on nutraceutical yield and antioxidant properties
Theoretically, solid-liquid extraction at high extraction temperature leads to an upsurge of nutraceutical yield due to its effect on diffusion coefficient (mass transfer), solubility (equilibrium), and stability of bioactive compounds. [29] As reported by Mokrani et al., [30] heating might soften the herbal tissue and weaken the phenol-polysaccharide and phenol interactions, thus promoting the migration of nutraceutical into the solvent, chiefly flavonols which are commonly found as glycosides. [31] However, high temperature may promote epimerization, oxidation, and degradation reaction of nutraceutical compounds. [32] Hence, high extraction temperature might not be suitable for all types of nutraceutical compounds.
The results tabulated in Table 2 revealed that the yield of each of the nutraceutical compounds increased as the extraction temperature increased. However, the highest extraction yield occurred at 60°C for Q3R; 70°C for CHA, CA, K3R, and DNJ; 80°C for Q3G K3G, and K3M; 90°C for K7G and Q3M; and 100°C for GABA. It is interesting to note that temperature did not have a negative effect on GABA extraction. Furthermore, as reported by previous authors, [30] [31] [32] [33] elevated temperatures result in an increase in antioxidant properties of the extract. However, increasing extraction temperature above a certain threshold may have an adverse effect on antioxidant properties due to degradation of residual biocompounds in the herbal matrix or even the decomposition of nutraceuticals which were previously extracted at lower temperature. [30] From the results (Table 2) , ABTS, DPPH, and FRAP increased with increasing temperature up to 70°C, while CUPRAC increased up to 90°C. A similar trend has been reported by Chiang et al. [33] This was confirmed by the high significant Pearson correlation (r = 0.997) found between the total nutraceutical compounds (TNC, as the sum of the individual nutraceutical compounds) and the total antioxidant properties (TAP, as the sum of individual antioxidant properties) under the impact of extraction temperature. This finding is in line with that of Thoo et al., [34] thereby suggesting that nutraceutical compounds present in mulberry leaf are thermally stable.
Moreover, as shown in Fig. 2a , a curvilinear relationship was found between extraction temperature and recovery of the TNC and the TAP, which increased as temperature increased from 5°C to 70°C where they reached a plateau before decreasing at 90°C. Similar optimal extraction temperature was reported for water extraction of papaya leaf [35] and Thai rice by-products [36] phenolic compounds. Hence, the optimum extraction temperature was selected to be 70°C and used for the subsequent assessment of the impact of the other extraction parameters on the nutraceutical yield and antioxidant properties.
Effect of extraction time on nutraceutical yield and antioxidant properties
Extraction time is a critical parameter during solid-liquid extraction owing its influence on solubility and mass transfer of biocompounds which are related to their structure and molecular weight. [37, 38] However, extended extraction time increases the probability of oxidation, epimerization, and degradation of bioactive compounds. [37] Therefore, prolonged extraction time may not be appropriate for all kinds of nutraceutical compounds.
The results (Table 3) highlighted that extraction time significantly altered the extraction yield of individual nutraceutical compounds. The difference observed in the optimal extraction time for each component (30 min for K7G; 40 min for CHA, CA, Q3R, and K3R; 50 min for K3G, K3M, and DNJ; 60 min for Q3G and Q3M; and 120 min for GABA) could be attributed to their different degree of solubility, polymerization, epimerization, and interaction with other MLP components resulting in difference time to reach the equilibrium before their corresponding degradations. [34] Besides, it was also found that the optimal extraction time for antioxidant property varies with the antioxidant assay (40 min for ABTS, DPPH, and FRAP; and 60 min for CUPRAC). This discrepancy may be due to the fact that radical scavenging properties are not entirely depending on a particular group of antioxidant component but on the capacity of any biocompounds to scavenge-free radicals. [39] This assertion was supported by the strong significant Pearson correlation (r = 0.973) found between TNC and TAP under the impact of extraction time.
Furthermore, as shown in Fig. 2b , the TAP increased with an increase in extraction time up to 40 min, then decreased slightly before stabilizing at 90 min. This suggests that the final equilibrium in antioxidant components in MLE may be attained at 90 min. This finding is in agreement with Fick's second law of diffusion as previously reported by Thoo et al. [34] Besides, Mean values with different letters in the same column are significantly different at p < 0.05 (Anova, Tukey). Temp: temperature; CHA: chlorogenic acid; CA: caffeic acid; K7G: kaempferol-7-Oglucoside; Q3R: quercetin-3-rutinose; Q3G: quercetin-3-O-glucoside; K3R: kaempferol-3-(6-rhamnosylglucoside); Q3M: quercetin-3-(6-malonylglucoside); K3G: kaempferol-3-glucoside; K3M: kaempferol-3-(6-malonylglucoside); DNJ: 1-deoxynojirimycin; GABA: gamma-aminobutyric acid; ABTS: 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid); CUPRAC: cupric ion reducing capacity; DPPH: 1,1-diphenyl-2-picrylhydrazyl; FRAP: ferric reducing antioxidant power capacity; and PSD: pooled standard deviation.
contrary to the TAP, increase in extraction time above 40 min resulted in a sharp decrease in TNC. Similar trends have been reported by Zhang et al. [21] in which an increase in extraction time beyond 50 min led to a drastic decrease in bioactive components of MLE. As reported by Mokrani et al., [30] prolonged extraction time resulted in decomposition of nutraceuticals and also in solvent loss through evaporation, thereby affecting mass transfer loss during extraction. [38] [39] [40] Therefore, taking into consideration that extraction time is crucial in economizing extraction process cost, the optimal extraction time was selected to be 40 min, and used for the subsequent assessment of the effect of the other extraction parameters on the nutraceutical yield and antioxidant properties.
Effect of water to leaf powder ratio on nutraceutical yield and antioxidant properties
In theory, during liquid-solid extraction, water to powder ratio affect significantly the extraction kinetics of bioactive compounds due to its effect on the concentration gradient between the solute in the powder and the solvent at the surface of the raw material. [12] As presented in Table 4 , the yield of individual nutraceutical compounds as well as antioxidant properties increased as the water to leaf powder ratio increased. In accordance with mass transfer principle, the higher the water to powder ratio, the higher the driving force to extract antioxidant components trapped inside the powder. [35] In line with previous authors, a strong significant Pearson correlation (r = 0.991) was found between TNC and TAP under the impact of water to leaf powder ratio.
Moreover, as depicted in Fig. 2c , the yield in TNC and TAP was not significantly affected when the water to leaf powder ratio increased from 10:1 to 20:1 ml/g. Thereafter, yields sharply increased Mean values with different letters in the same column are significantly different at p < 0.05 (Anova, Tukey). CHA: chlorogenic acid; CA: caffeic acid; K7G: kaempferol-7-O-glucoside; Q3R: quercetin-3-rutinose; Q3G: quercetin-3-O-glucoside; K3R: kaempferol-3-(6-rhamnosylglucoside); Q3M: quercetin-3-(6-malonylglucoside); K3G: kaempferol-3-glucoside; K3M: kaempferol-3-(6-malonylglucoside); DNJ: 1-deoxynojirimycin; GABA: gamma-aminobutyric acid; ABTS: 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid); CUPRAC: cupric ion reducing capacity; DPPH: 1,1-diphenyl-2-picrylhydrazyl; FRAP: ferric reducing antioxidant power capacity; and PSD: pooled standard deviation. Mean values with different letters in the same column are significantly different at p < 0.05 (Anova, Tukey). WPR: water to leaf powder ratio; CHA: chlorogenic acid; CA: caffeic acid; K7G: kaempferol-7-O-glucoside; Q3R: quercetin-3-rutinose; Q3G: quercetin-3-O-glucoside; K3R: kaempferol-3-(6-rhamnosylglucoside); Q3M: quercetin-3-(6-malonylglucoside); K3G: kaempferol-3-glucoside; K3M: kaempferol-3-(6-malonylglucoside); DNJ: 1-deoxynojirimycin; GABA: gamma-aminobutyric acid; ABTS: 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid); CUPRAC: cupric ion reducing capacity; DPPH: 1,1-diphenyl-2-picrylhydrazyl; FRAP: ferric reducing antioxidant power capacity; and PSD: pooled standard deviation.
significantly and reached a plateau when the water to leaf powder ratio was 90:1 ml/g. However, taking into consideration the major criteria such as production cost, environmental friendliness, and extraction yield for the selection of extraction process [41] , the water to leaf powder ratio of 40:1 ml/g was found to give the best results. This ratio was ascertained to require 2.25 less amount of water to achieve 88.37% and 92.28% extraction efficiency of TNC and TAP, respectively. A similar optimum water to leaf powder ratio was reported for the aqueous extraction of bitter melon phenolic compounds. [10] Therefore, the optimal water to leaf powder ratio was chosen to be 40:1 ml/g and used for subsequent assessment of the impact of particle size on the nutraceutical yield and antioxidant properties.
Effect of particle size on nutraceutical yield and antioxidant properties
In theory, reduction in particle size results in an increment in solubility and diffusion due to increase in surface area available for mass transfer between the particle and solvent, [42] thereby enhancing the extraction rate. [43] However, a large surface area may also lead to more exposition of bioactive compounds to physical and chemical stress, thus resulting in their degradation. [44] The results presented in Table 5 show that the rate of extraction of the individual nutraceuticals significantly increased as the particle size decreased. This might be due to the increase in surface contact between solvent and particulate. [42] A similar finding was reported on the effect of particle size in phenolic extraction from plants byproducts. [45] [46] [47] The highest extraction yield for CHA and CA were obtained using a particle size of 25 µm; 18 µm for Q3G, Q3M, and K3M; and 13 µm for K7G, Q3R, K3R, K3G, DNJ, and GABA. As reported by Zaiter et al. [48] , particle size has a significant effect on antioxidant properties of plant extract. From the results (Table 5) , reduction in particle size led to an increase in antioxidant properties of the extract. Hence, the highest antioxidant properties were recorded at 13 µm for ABTS, CUPRAC DPPH, and FRAP. In agreement with earlier reports, [43] [44] [45] [46] [47] [48] a high significant Pearson correlation (r = 0.931) was found between TNC and TAP under the impact of particle size.
Furthermore, as illustrated in Fig. 2d , the TAP significantly increased from 270 to 25 µm where it reached a plateau. As reported by Xiao et al., [47] reduction in particle size leads to an increase in equilibrium yields of antioxidant compounds. Nonetheless, reducing particle size more than 25 µm resulted in a reduction in TNC. This could be attributed to the increase in the contact surface between particles and oxygen which might have resulted in oxidation of nutraceutical compounds, especially phenolics, thus resulting in their degradation. [43] Consequently, the MLP of 25 µm particle size was chosen for the assessment of the impact of extraction cycle on the nutraceutical yield and antioxidant properties.
Effect of extraction cycle on nutraceutical yield and antioxidant properties
To assess the influence of multiple extraction cycles on the nutraceutical compounds and antioxidant property all the above optimal extraction parameters were used to determine the effect of a single, double, and triple extraction cycles on the TNC and the TAP.
As illustrated in Fig 3, a higher yield of nutraceutical and antioxidant property was obtained when MLP was extracted using multiple extraction cycles as compared with a single extraction. Significant percentage of increases in the TNC (22.74%) and the TAP (28.57%) were found between the single and the double extraction cycles. However, there was no significant difference in TAP and TNC between the double and triple extraction cycles. Therefore, the maximum extraction cycles for MLP was two extraction cycles owing to the optimal water efficiency, for lower extraction cost. This finding is in agreement with that of Vuong et al. [37] for the aqueous extraction of catechin from green tea and that of Tan et al. [12] for aqueous extraction of flavonoids from bitter melon. Mean values with different letters in the same column are significantly different at p < 0.05 (Anova, Tukey). PS: particle size; CHA: chlorogenic acid; CA: caffeic acid; K7G: kaempferol-7-O-glucoside; Q3R: quercetin-3-rutinose; Q3G: quercetin-3-O-glucoside; K3R: kaempferol-3-(6-rhamnosylglucoside); Q3M: quercetin-3-(6-malonylglucoside); K3G: kaempferol-3-glucoside; K3M: kaempferol-3-(6-malonylglucoside); DNJ: 1-deoxynojirimycin; GABA: gamma-aminobutyric acid; ABTS: 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid); CUPRAC: cupric ion reducing capacity; DPPH: 1,1-diphenyl-2-picrylhydrazyl; FRAP: ferric reducing antioxidant power capacity; and PSD: pooled standard deviation.
Conclusion
In the current research, single factor experiment approach was employed to determine the optimal cost-effective condition of the extraction process of mulberry leaf nutraceuticals, investigating some influential parameters such as extraction temperature, extraction time, water to leaf powder ratio, particle size, and extraction cycle. The outcomes revealed that individual nutraceuticals and antioxidant properties were significantly altered by all the investigated parameters. A high significant Pearson correlation was found between the sum of the individual of nutraceutical compounds and the sum of individual antioxidant properties as influenced by the influence extraction temperature (r = 0.997), extraction time (r = 0.973), water to leaf powder ratio (r = 0.991), and particle size (r = 0.931). The optimal extraction efficiency with respect to the yield of nutraceuticals (chlorogenic acid, caffeic acid, kaempferol-7-O-glucoside, quercetin-3-rutinose, quercetin-3-O-glucoside, kaempferol-3-(6-rhamnosylglucoside), quercetin-3-(6-malonylglucoside), kaempferol-3-glucoside, and kaempferol-3-(6-malonylglucoside) and the antioxidants properties (ABTS, CUPRAC, DPPH, and FRAP) was achieved with aqueous extraction at 70°C for 40 min, with 25 µm particle size and a water to leaf powder ratio of 40:1 (ml/g). In terms of cost-effectiveness and efficient use of water, the best extraction cycle was revealed to be two. This research serves as the basis for an in-depth investigation on the optimization of extraction procedure of nutraceuticals and antioxidant activity from mulberry leaf using response surface methodology approach. 
